Purpose: To investigate the apoptotic mechanisms in rabbits with blast-induced acute lung injury (ALI). Methods: A total of 40 rabbits were randomly divided into a blank control group (A, n=10) and an experimental group (EXP, n=30). Explosion-induced chest-ALI models were prepared and sampled at different time points (4, 12, and 24h after modeling, T1-T3) to test the lung dry weight/wet weight ratio (W/D) and arterial oxygen pressure (PaO 2 ), apoptosis of lung tissue by the TUNEL assay, and Caspase-3, Bax, and Bcl-2 levels by immunohistochemical analysis. Furthermore, lung tissue was sampled to observe pathological morphology by microscopy. Results: Under a light microscope, Group EXP exhibited obvious edema in the pulmonary interstitial substance and alveoli, a large number of red blood cells, inflammatory cells, and serous exudation in the alveolar cavity, as well as thickening of the pulmonary interstitial fluid. Compared to Group A, the W/D ratio was significantly increased in Group EXP (P<0.01), while PaO 2 was significantly reduced (P<0.01). The apoptosis index was significantly increased (P<0.01), and caspase-3 and Bax/Bcl-2 levels were increased (P<0.01). Conclusion: Apoptosis plays an important role in the occurrence and development of acute lung injury in rabbits by participating in lung injury and promoting the progression of ALI. Key words: Acute Lung Injury. Apoptosis. Blast injuries. Blood Gas Analysis. Rabbits. 
of alveolar epithelial cells and pulmonary capillary endothelial cells in ALI patients is increased and thus the number of cells decreases, promoting disease progression. The aim of this study was to investigate the mechanism of apoptosis in ALI by assessing the levels of plasma caspase-3, Bax, and Bcl-2 in an ALI rabbit model.
■ Methods

Animals and grouping
This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The animal use protocol has been reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of Anhui Medical University.
A total of 40 healthy New Zealand rabbits (male: female=1:1,2.23 ± 0.28kg) were provided by Changlinhe Pharmaceutical Technology Co., Ltd. (Hubei, China, Anhui license number scxk (Wan) 2006-002). The rabbits were divided into a control group (A, n = 10) and an experimental group (n = 30); the experimental group was further divided into Groups B-D according to their sampling time (B: 4 h, C: 12 h, and D: 24 h, n = 10).
Modeling
The explosion device developed by the University of Science and Technology of China was used and an appropriate explosive dose and distance were designed according to explosive mechanics-related formula and lung histopathological observation results. Each rabbit was fixed onto a platform and the anterior chest and side chest wall were exposed (other body parts were protected by a self-designed
■ Introduction
Acute lung injury (ALI), as a cause of death in explosive blast casualties 1 , is a complex clinical syndrome involving acute inflammation, microvascular damage, and increased pulmonary vascular and epithelial permeability, which results in fatal acute respiratory distress syndrome (ARDS) 2 . ARDS refers to a complex pathological process caused by direct/indirect injury to the body, including assisted ventilation 3 , blood transfusion 4 , inflammation 5 , severe trauma or sepsis 6 , drowning or blast 7 , and even toxins 8 . Currently, the most widely accepted definition of ALI/ARDS is based on the American-European Consensus Conference definition of acute onset respiratory failure with bilateral infiltrates on chest radiograph and pulmonary capillary wedge pressure <18 mmHg or absence of elevated left atrial pressure 9 , which leads to injury in alveolar epithelial cells and capillary endothelial cells. Pathophysiologically, ALI is characterized by disruption of the alveolar-capillary interface, pro-inflammatory cytokine secretion, and pro-inflammatory cell infiltration 10 . Although many studies and therapeutic trials have been conducted, no effective therapies are available for ALI in the clinic, possibly because its specific mechanism is unclear. The expression of the apoptosis-related proteins Bax, Bcl-2, and cleaved-caspase-3 and the ratio of Bax/ Bcl-2 are significantly increased in ALI 11 . In China, there are more than 20 million ALI/ ARDS cases annually, with a mortality rate of approximately 26.0% 12 , among which blast-caused ALI/ARDS cases account for a large proportion. ALI pathogeneses are complex, and because of their high mortality, determining the mechanisms can provide a basis for clinical diagnosis and treatment. Recent studies 13 showed that apoptosis is involved in the pathogenesis of ALI; apoptosis protection device). The respiratory rate, heart rate, arterial oxygen pressure (PaO 2 ), and wet/ dry lung ratio (W/D) were determined, and the pathological morphology of lung tissue was observed. The rabbits were prepared as an ALI model.
Criteria of ALI model
PaO 2 /FiO 2 ≤ 300 mmHg, W/D, and pathological changes in the lung tissue were used to determine the degree of lung injury and pulmonary edema.
Specimen sampling
After anesthetization with chloral hydrate (0.35 g/kg) via the ear vein, external carotid artery blood was collected from each rabbit for blood gas analysis, as well as the carotid artery blood for centrifugation at 4°C and further analysis. Rabbits were sacrificed at the same time, the right lung hilum was ligated, and the left lung was rinsed with 10 mL of 0.9% sodium chloride solution (lavage fluid was centrifuged for future use). The middle lobe of the right lung was then dried to detect surface impurities for the dry and wet weights. The right lower lobe was rinsed with 0.9% sodium chloride and fixed in 10% formaldehyde. The remaining right lobe was quickly placed in liquid nitrogen for preservation.
Histopathological observation
The 10% formaldehyde-fixed right lower lobe was paraffin-embedded, sliced (4-5 μm in thickness), stained with hematoxylin and eosin (HE), and observed by light microscopy.
W/D
The middle lobe of the right lung was dried, weighed, and then dried in an 80°C oven for 72 h to determine the dry weight and calculate the W/D.
Arterial blood gas analysis
Two milliliters of arterial blood were sampled from the disinfected external carotid artery for immediate blood gas analysis. Apoptosis in the lung tissue was detected by the TUNEL method according to the kit instructions; sections were de-waxed in xylene, followed by rehydration in descending concentrations of ethanol, proteinase K digestion, and enzymatic labeling of free 3′-OH DNA termini with digoxigenin-conjugated and unconjugated nucleotide triphosphates by TdT at 37°C. Labeled apoptotic cells were identified by treating the sections with the peroxidase chromogenic substrate 3,3'-diaminobenzidine (DAB) as recommended by the manufacturer. The cells were blocked and then incubated with primary antibodies (1:50, 50 μL), followed by incubation with biotinylated goat anti-mouse IgG and SABC reagent. For DAB analysis, a positive result is defined as brown nuclei; optical microscopy was performed for counting and analysis of brown chromatin and cytoplasm and analyzed using the grey value. The expression of caspase-3, Bax, and Bcl-2 proteins in the lung tissue were detected by a routine SABC method according to the manufacturer's instructions.
Statistical analysis
Variance analysis and the -q test were conducted, with P < 0.05 considered to indicate statistical significance.
■ Results
Histopathological observation of lung tissue
Direct observation revealed increased bilateral lung volumes and consolidation with varying degrees of ecchymosis scattered on the surface; partial tissue exhibited red consolidation and exudation on its incisal surface. Light microscopy also revealed that the alveolar septum was larger, alveolar cavity was relatively narrowed, and normal alveolar structure was destroyed, together with edema and exudation in the alveolar cavity and pulmonary interstitial substance; some sites exhibited bleeding accompanied by inflammatory cell infiltration (Figure 1 ). 
Comparison of W/D, PaO 2 , and tissue apoptotic index
The apoptotic indices in Groups B-D were significantly higher than in Group A (P<0.01), while PaO 2 was significantly lower than in Group A (P<0.01). The apoptotic indices in Groups D and C were significantly higher than in Group B (P<0.01), while that in Group D was lower than in Group C (P<0.05) ( Table 1) . 
Comparison of expression of caspase-3, Bax, Bcl-2, and Bax/Bcl-2
Caspase-3, Bax, Bcl-2, and Bax/Bcl-2 expression in Groups B, C, and D was higher than in Group A (P<0.05-0.01). Caspase-3, Bax, Bcl-2, and Bax/Bcl-2 expression in Groups C and D was higher than in Group B (P<0.05-0.01), while Bcl-2 expression was lower than in Group B (P<0.01 and P<0.05). Caspase-3, Bax, and Bax/Bcl-2 expression in Group D was lower than in Group C (P<0.05-0.01), while Bcl-2 expression was higher than in Group C (P<0.05) ( Table 2) . 
■ Discussion
This study used special protective devices to protect the animal airway with instant explosion-produced high-energy shock waves and gas to prepare an ALI model. When an animal's lungs are impacted by shock waves, intra-pulmonary pressure can increase significantly, oppressing the lung tissue and resulting in severe pulmonary contusion, as well as hemorrhage, edema, and exudation in the alveolar cavity and interstitial substances. The W/D ratio will then increase and ventilation/ blood flow ratio becomes disordered; additionally, inflammatory exudation in the lung tissue and apoptosis increase. Compared to Group A, the pathological changes of lung tissue in Group EXP were significant, PaO 2 was significantly decreased (P < 0.01), and W/D was significantly increased (P < 0.01), indicating that the model was successfully prepared. Caspase-3, Bax, and Bcl-2 expression was detected at different time points after successful modeling, and the results showed clear changes in caspase-3, Bax, and Bcl-2 at 4 h after injury, with the largest differences observed at 12 h which decreased by 24 h.
Apoptosis is gene-controlled autonomously-programmed death in organisms that stabilizes the internal environment. Studies have shown that apoptosis is involved in the process of ALI, and the following mechanisms have been predicted: first, alveolar epithelial cells undergo apoptosis, decreasing their number, diffusion function decreases, and alveolar effective exchange area decreases, thus affecting the ventilation/blood flow ratio; alternatively, pulmonary capillary endothelial cells occur apoptosis, increasing the permeability of the vascular wall, inflammatory effusion increases, and pulmonary interstitial hemorrhage and edema occur to oppress the alveoli, cause alveolar stenosis, and affect the ventilation/blood flow ratio, leading to hypoxemia; finally, bronchial epithelial cells undergo apoptosis, thus aggravating breathing difficulties 14 . In our studies, early pathological sections revealed a widened pulmonary space, alveolar stenosis, damaged normal alveolar structure, alveolar cavity, and severe edema and exudation in pulmonary interstitial substances, together with inflammatory cell infiltration. The results of TUNEL staining showed that apoptosis occurred early in the experimental group, indicating that apoptosis is involved in the early stage of the occurrence and development of ALI, which is consistent with the results of a previous study 15 . We found that lung tissue apoptosis is affected by the caspase, Bcl-2, Fas/FasL, and other families 16 . Apoptosis induction is achieved by subsequent activation of caspase proteins, among which caspase-3 is involved in most apoptotic processes as an apoptotic effector and the most critical factor, caspase-3 lies in a core position of apoptotic activation cascades 17, 18 . The results of this study suggest that caspase-3 is upregulated in the lung tissue of Group EXP, which is consistent with the apoptotic degree of lung cells and results of related studies 19 . Studies 20 have shown that the Bcl-2 family is involved in the upstream regulatory mechanism of caspase-3. The expression of Bcl-2 family members plays an important role in the signal transduction of apoptosis. Bcl-2 and Bax are the most representative apoptosis-inhibitory and pro-apoptosis factors in the Bcl-2 family. Previous studies showed that proapoptotic proteins in the Bcl-2 family may undergo conformation changes when stimulated by other signals, resulting in apoptosis by affecting the balance of anti-and proapoptotic factors
20
. Bcl-2 is an important anti-apoptotic protein in vivo, and its main anti-apoptotic mechanisms are as follows: (1) inhibiting the activation of apoptosis protease caspases, including caspase-3; (2) direct antioxidant activity; (3) inhibiting the release of proapoptotic substances; and (4) inhibiting proapoptotic protein Bax 21 . Bax is the most widely distributed proapoptotic protein in the Bcl-2 family 22 . The mechanisms of Bax in promoting apoptosis mainly are as follows: (1) affecting intracellular redox; (2) altering mitochondrial membrane permeability, which affects oxidative phosphorylation and ATP synthesis; (3) activating the caspase signal transduction pathway, thus promoting apoptosis; and (4) antagonizing the antiapoptotic protein Bcl-2. Numerous studies 16, 20, 21 have shown that the ratio of Bax/ Bcl-2 is important for apoptosis. The results of this study showed that changes in Bax and the Bax/Bcl-2 ratio in Group EXP were the same as those observed during apoptosis of lung cells. Therefore, explosion injury can activate the apoptotic program in the lung tissue of rabbits and increase apoptosis activity while inhibiting antiapoptotic activity, thus inducing apoptosis.
The results of this study showed that the expression of caspase-3 and Bax was increased, while expression of Bax was reduced, thus affecting the Bax/Bcl-2 ratio. Therefore, the body may activate caspase-3 and Bax while inhibiting Bcl-2, thereby promoting apoptosis. However, the results of this study also suggest that apoptotic cells in Group D were lower than in Group C, with decreased caspase-3 and Bax and increased Bcl-2. The possible mechanisms include: (1) late ALI lesions may form under severe conditions, decreasing apoptosis of neutrophils (particularly multinucleated neutrophils, the survival duration of which can affect the degree of damage), thus increasing inflammatory injury 23, 24 ; (2) in the course of ALI, type II alveolar cells participate in repair with a form of apoptosis, and in late ALI, Bcl-2 shows significant upregulation, while apoptosis of type II alveolar cell decreases, thus decreasing the repair effect and increasing injury 25 ; and (3) in late ALI, regulatory effects in the body lead to increased anti-apoptotic factor expression. The results of this study show that apoptosis in ALI is first increased and then reduced, consistent with the results of a previous study 26 .
■ Conclusions
Plasma caspase-3, Bax, and Bcl-2 show significant changes in the early stage of acute lung injury which are consistent with the degrees of injury and apoptosis. Therefore, detecting the above indices can provide guidance for early diagnosis and intervention of ALI and effectively assist in the clinical assessment of the severity of lung injury. However, the pathogeneses of ALI are very complex and can be affected by multiple
